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Vitamin D status and secondary hyperparathyroidism: The for measuring vitamin D, masking the effect of the afore-
importance of 25-hydroxyvitamin D cut-off levels. mentioned factors and making the comparison between
Background. Serum 25-hydroxyvitamin D is the best indica- different populations difficult [3, 4].tor of vitamin D status. However, some controversy remains
When it comes to diagnosing vitamin D deficiency andregarding “normal” and “abnormal” values. This study’s aim
pinpointing exactly at what level it occurs, there is nowas to assess vitamin D status and prevalence of secondary
hyperparathyroidism. definitive consensus. Traditionally, vitamin D values be-
Methods. A random sample of 326 subjects (164 women and low 5–7 ng/mL induce osteomalacia, values lower than
162 men, aged 68  9; range, 54 to 89) participating in the
10–12 ng/mL lead to secondary hyperparathyroidism andEuropean Vertebral Osteoporosis Study (EVOS) was used to
osteoporosis, and levels above 18–20 ng/mL are consid-assess vitamin D status and secondary hyperparathyroidism.
Only those subjects who had never received any kind of treat- ered normal [5]. It has recently been proposed that levels
ment for osteoporosis were included in this analysis. 40 ng/mL (100 nmol/L) are desirable, that hypovita-
Results. Serum 25-hydroxyvitamin D levels were “deficient” minosis D occurs when the levels are between 20 and 40(10 ng/mL) in 27% of subjects, “borderline” (10–18 ng/mL)
ng/mL (50-100 nmol/L), vitamin D insufficiency occursin 40% of subjects, and “normal” (18 ng/mL) in 33% of sub-
when the concentration is between 10–20 ng/mL (25–50jects. The prevalence of secondary hyperparathyroidism (PTH
65 pg/mL) according to 25-hydroxyvitamin D levels was 33% nmol/L), and vitamin D deficiency is seen with values
(10 ng/mL), 16% (10–18 ng/mL), and 12% (18 ng/mL), re- lower than 10 ng/mL (25 nmol/L) [6].
spectively. There were no cases of secondary hyperparathyroid- The prevalence of vitamin D deficiency depends onism with 25-hydroxyvitamin D levels 40ng/mL. The indepen-
the cut-off point used, as well as the type of populationdent predictors for PTH were 25-hydroxyvitamin D and serum
studied. Therefore, a vitamin D deficiency was found increatinine in both sexes, but age was a predictor only in men.
Conclusion. These remarkable findings demonstrate the im- almost all of the chronic geriatric patients [7], and in
portance of maintaining higher 25-hydroxyvitamin D levels to 57% of the American acute symptomatic patients [8].
avoid stimulation of the parathyroid gland.
The prevalence of vitamin D deficiency was 36% of men
and 47% of women in the European elderly population.
Surprisingly, the most southern countries showed theThe vitamin D hormonal system consists of different
lowest levels [9], and, in women with postmenopausalmetabolites, ranging from cutaneous synthesis precur-
osteoporosis, the deficiency prevalence ranged from 0%sors or dietary components, to the most active metabolite,
in Singapore to 3.5% in the US, and slightly above 10%1,25-dihydroxyvitamin D, which acts upon the target or-
in France and Spain [10].gan receptors [1]. The best indicator of vitamin D depos-
The objective of this study was to investigate the vita-its or status is the concentration of 25-hydroxyvitamin D
min D levels and the prevalence of secondary hyperpara-[2]. Several factors determine vitamin D levels, including
thyroidism in a random study of the sector of our popula-factors that affect the skin’s synthesis of vitamin D through
tion at an age when they were most at risk from a clinicalultraviolet radiation, nutrition, and those which can mod-
repercussion of vitamin D deficiency.ify vitamin D’s metabolism [2]. Moreover, there is a great
variability in both intra- and inter-laboratory methods
METHODS
The study was carried out in Oviedo, a city in northernKey words: calcifediol, calcitriol, vitamin D deficiency, parathyroid
hormone. Spain located at a latitude of 43N, 400 meters above sea
level, and with a temperate climate (average temperature 2003 by the International Society of Nephrology
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Table 1. General characteristics and biochemical data of the14C), 1924 hours of sunlight per year, 900 mm of precipi-
subjects included in the analysis
tation per year, and where it rarely snows or freezes.
Men (N  134) Women (N  134)Three hundred and twenty-six people (164 women and
Age years 689 688162 men) between the ages of 54 and 89 who had been
Height cm 1656 1536apreviously randomly selected from the Oviedo popula- Weight kg 7610 6711a
tion register to participate in the European Vertebral Menopause years — 495
Dairy product intake cup/day 1.51 1.71Osteoporosis Study (EVOS) [11] were included. In the
Calcium mg/dL 9.40.3 9.40.3fourth year of the study, a blood sample was drawn Phosphorous mg/dL 3.30.4 3.60.4a
Creatinine mg/dL 1.10.1 0.90.1aso that serum could be studied to determine various
Alkaline phosphatase 16856 17952parameters related to bone metabolism. All of the parti-
25-hydroxyvitamin D ng/mL 17.28.3 15.69.1b
cipants were Caucasian, self-ambulatory, and 99% lived Calcitriol pg/mL 4518 3712a
iPTH pg/mL 4921 5424bin their own homes. The study took place during one
Osteocalcin ng/mL 5.31.8 6.52.4ayear: 26% of the studies in spring, 14% in summer, 36%
aP  0.001in autumn, and 24% in winter. Other aspects relating to bP  0.059
this study have been previously published [11, 12].
In all subjects, a fasting blood sample was drawn first
thing in the morning. Once the serum was separated, it
are shown in Table 1. The mean values of 25-hydroxyvi-was kept frozen at a temperature of70C until the analy-
tamin D in the subjects excluded due to previous treat-ses were carried out. Serum calcium, phosphorus, creati-
ment for osteoporosis were significantly higher com-nine, total alkaline phosphatase, and tartrate-resistant
pared with the general sample (24.5  11.7 vs. 15.9 acid phosphatase were determined by using an autoana-
8.7 ng/mL; P  0.001), without any difference in age orlyzer (Hitachi Mod. 717, Ratigen, Germany). The 25-
the season in which blood was drawn.hydroxyvitamin D levels were determined by previous
The higher 25-hydroxyvitamin D levels were observedextraction with acetonitrile (IDS, Ltd., Bolton, UK),
in the summer period—summer/autumn (19.4  10.3whose intra- and interassay coefficients of variation (CV)
ng/mL) compared with the winter period—winter/were 5.2% and 8.2%, respectively.
spring- (13.7  6.8 ng/mL; P  0.001), without any sig-The 1,25-dihydroxyvitamin D levels were measured
nificance in the differences observed between summerthrough radioimmunoassay (IDS, Ltd.); intra- and in-
and autumn or winter and spring. A similar seasonalterassay CV were 6.5% and 9%, respectively. The intact
pattern was observed in PTH (47  20 pg/mL comparedPTH and osteocalcin levels were measured using radio-
with 55  23 pg/mL; P  0.015) and alkaline phosphateimmunoassay methods (Nichols Institute, San Juan de
(165  51 U/I compared with 178  55 U/I; P  0.045)Capistrano, CA); intra and interassay CV were 2.6% and
in summer and winter, respectively.5.8%, respectively, for PTH and 4.5% and 5.1%, respec-
The percentage of patients with insufficient levels of
tively, for osteocalcin.
25-hydroxyvitamin D (10 ng/mL) or acceptable levels
Statistical analysis was carried out using the SPSS Ver-
(18 ng/mL) was notably different in winter compared
sion 8.0 package for Windows (Microsoft Corp., Red- with summer in those subjects aged less than 75. How-
mond, WA, USA). The results are expressed as mean  ever, these differences were not present in those aged
standard deviation or percentages and were compared more than 75 (Table 2).
using the Student t test, one way analysis of variance The prevalence of secondary hyperparathyroidism
(ANOVA), or the Chi-square test as necessary. The cor- (PTH 65 pg/mL) was 18.5% of the men and 24.1% of
relations were established through the Pearson coefficient. the women, a similar progression being noted as age
The multivariate regression analysis was carried out follow- increased (Fig. 1). The PTH correlated with 25-hydroxy-
ing the stepwise method. In every case, differences were vitamin D (r  0.3; P  0.01). Thus, 33% of the subjects
considered significant at a level of P  0.05. with 25-hydroxyvitamin D levels10 ng/mL showed hy-
perparathyroidism, contrasting with 13% of the individu-
als with 25-hydroxyvitamin D 18 ng/mL (Fig. 1). It was
RESULTS observed that only values of 25-hydroxyvitamin D above
The following subjects were excluded from the study 30 (only one case of hyperparathyroidism) or 40 ng/mL
(N 44) due to several reasons: 1 due to primary hyper- (no cases) guaranteed normal PTH values.
parathyroidism, 1 for epilepsy treatment, 2 for severe The multivariate linear regression showed that the 25-
chronic renal failure (serum creatinine1.6 mg/dL), and hydroxyvitamin D levels (standard correlation coeffi-
the rest for having had previous osteoporosis treatment. cient   0.29; P  0.001), serum creatinine (  0.35;
P  0.001), and sex (  0.28; P  0.001, with r The general characteristics of the 268 remaining patients
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Table 2. Seasonal 25-hydroxyvitamin D according to age expressed as percentage of subjects in each level
Winter/spring Summer/autumn
Age 10 ng/mL 10–18 18 ng/mL 10 ng/mL 10–18 18 ng/mL
65 30% 42% 28% 13% 35% 52%
65–74 40% 40% 20% 12% 46% 42%
75 27% 45% 27% 25% 50% 25%
Fig. 1. Prevalence of secondary hyperpara-
thyroidism (PTH 65 pg/mL) according to
the age and sex of the subjects (A ) and to the
25-hydroxyvitamin D levels (B ).
0.40; P 0.001) were independent predictors of PTH. In The 25-hydroxyvitamin D levels were 40% higher in
subjects with excellent renal function—serum creatinine summer than in winter, a reflection of the differences in
0.8 and 1 mg/dL in women and men, respectively—no solar exposition. The mean winter values were below 15
cases of secondary hyperparathyroidism were observed ng/mL, which is the value used as the defining limit for
in individuals having 25-hydroxyvitamin D levels above deficiency by some authors [9, 24], supporting the limited
18 ng/mL in men and 12 ng/mL in women. The indepen- capacity of vitamin D skin synthesis in winter in latitudes
dent predictors of calcitriol were sex (  0.36; P  higher than 40N [21]. The summer/winter difference was
0.001), 25-hydroxyvitamin D levels ( 0.22; P 0.001), substantially higher than the 14% observed in the adult
plasma creatinine (  0.24;P  0.001), and serum cal- American population [19], and much lower than the 88%
cium (  0.15; P  0.08), with a global regression of differences observed in the infant Spanish population
coefficient of r  0.40; P  0.001. at a latitude similar to our own, in which the summer
Concerning the bone remodeling markers, the inde- values were similar [13]. These differences probably re-
pendent predictors of osteocalcin were PTH, sex, and flect a lesser nutritional contribution in our population
serum phosphorus ( 0.23, 0.19, and 0.16, respectively; and a better response to cutaneous synthesis in infancy.
r  0.39, P  0.001), and, in the case of alkaline phos- Spain had the second highest consumption of fish in the
phate, excluding the cases withGT50 U/L, 25-hydroxy- world, but unlike countries in northern Europe, it is
vitamin D (  0.14; r  0.14, P  0.03). generally consumed after being cooked. On the other
hand, dairy products are not fortified with vitamin D in
Spain, its consumption is not as high as in other countries,DISCUSSION
and the consumption of polyvitamins is practically non-Although various studies on the Spanish [13–16], Eu-
existent. These sociocultural factors could explain that,ropean [7, 9, 17, 18], or Caucasian population [2, 10, 19,
when comparing the Europeans, the relationship be-20] have been published, for methodological, geographi-
tween the 25-hydroxyvitamin D levels and latitude is thecal, or sociocultural reasons it is not always possible to
inverse of that expected by solar radiation [7, 9, 10].extrapolate the results, or the results are incongruous.
The effectiveness of ultraviolet light in the skin synthe-Our study has the advantage of being a population-
sis of vitamin D has been demonstrated in a similar waybased sample of both sexes, which includes the links
to the oral administration of vitamin D even in elderlybetween vitamin D and PTH and bone remodeling mark-
patients [22]. But it has also been observed that, in pa-ers, and took place throughout one year. Subjects ex-
tients with high sunlight exposure, the relationship be-cluded for previous treatment for osteoporosis had 50%
tween vitamin D intake and 25-hydroxyvitamin D levelshigher mean levels of 25-hydroxyvitamin D than those
diminishes, perhaps due to a catabolism of vitamin Dincluded, probably due to interference from treatment
or the hygienic-dietary habit. caused by solar exposure. The skin’s melanin content,
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which negatively influences the synthesis of vitamin D, people, the concentration of 25-hydroxyvitamin D neces-
sary to achieve an adequate PTH level for a youngercan also contribute to conditioning lower levels of 25-
hydroxyvitamin D in black Americans [23], or in the population would be 40 ng/mL [6].
With all of these considerations the results of our studyArab Mediterranean population [24], as in the southern
European population [2, 10], accentuating the nutritional indicate that the most appropriate 25-hydroxyvitamin D
levels for our population at any time of year should bedeficits.
In our study, the percentage of the subjects with a 25- higher than 30 ng/mL. In our population above the age
of 55 years, the percentage of the vitamin D deficit usinghydroxyvitamin D deficit (10 ng/mL) was between 30%
and 40%, in all age groups in the winter period. The the aforementioned cut-off point is above 90% in the
most favorable period. This fact underlines the need todifferent recovery capacity in summer was notable.
While the deficiency prevalence decreased by a third in modify the dietary-hygienic habits of our population,
or even recommend a policy of supplementation withthose aged younger than 75, in subjects older than 75,
there were no seasonal differences, suggesting a greater certain foods with vitamin D, as has been happening in
other countries.capacity for skin synthesis in younger subjects and proba-
bly a lesser variation in the elder subject’s exposition to
the sun. The prevalence of the 25-hydroxyvitamin D ACKNOWLEDGMENTS
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